This paper develops a 2-region DSGE model that integrates the theory of comparative advantage or endogenous tradability into a monetary model with nominal and real rigidities. We …nd that without endogenous tradability there is no role for the exchange rate in optimized monetary policy rules. But with endogenous tradability the exchange rate can play a much more fundamental role in facilitating or slowing down adjustments in the real economy, and it enters the optimized policy rule. JEL Classi…cation Numbers: C51; E31; E52
I Introduction
The bene…ts of exchange rate ‡exibility lie in its ability to change the relative prices of goods in the presence of nominal rigidities. Friedman (1953) …rst argued that a ‡exible exchange rate regime is desirable as a shock absorber, and this has been followed by a long subsequent literature. The implications for the conduct of domestic monetary policy have however been the subject of much debate. In the closed economy literature, several important papers 1 have found that welfare optimizing monetary policy results in a complete stabilization of the domestic price level, with no trade-o¤ between output gap stabilization and domestic price stability. Many key contributions to the recent open economy literature 2 have found conditions (but also exceptions) under which these results carry over to an open economy setting, which means speci…cally that there is no need for monetary policy to explicitly consider the exchange rate. However, these papers share an important set of common assumptions that may be violated in practice. They include producer currency pricing, perfect exchange rate pass-through, and a lack of real rigidities in international trade.
The literature has thus far concentrated on the pricing assumption, by replacing the producer currency pricing assumption with local currency pricing. It can then be shown that it becomes optimal to either have a completely …xed exchange rate, or at least to have a very signi…cant role for the exchange rate in the monetary policy rule. 3 The empirical evidence for the pricing assumption is a subject of much debate, with Corsetti and Pesenti (2005) arguing that an intermediate degree of pass-through may be most appropriate, with developing countries likely closer to a high pass-through than industrialized countries. 4 In this study we will argue that another and thus far overlooked set of factors may play a key role in determining whether the exchange rate should enter monetary policy rules. They concern the endogenous determination of the range of goods that a country exports and imports, together with real rigidities in both exporting and importing. For importing we assume that there are costs, in terms of both cost and time, of initiating and reversing new import supplier relationships. For exporting, there is a cost to switching between purely domestic production on the one hand and production for both domestic and foreign markets on the other. We …nd that in a baseline model with producer currency pricing but without these features the optimized linear monetary policy rule has a zero weight on deviations of the real exchange rate from its long-run trend. When endogenous determination of the range of exports and imports is added together with export switching costs, the exchange rate assumes an important role, with real appreciations requiring monetary easing. Adding real import rigidities signi…cantly increases the optimal coe¢ cient on the real exchange rate.
To derive these results we develop a two-country DSGE model that integrates the theory of comparative advantage of Dornbusch, Fisher and Samuelson (1977) into a monetary model with real rigidities and with sticky prices and wages. In this model the nominal exchange rate can play a much more fundamental role in facilitating or slowing down adjustments in the real economy. To illuminate the implications for monetary policy we subject the model to standard types of shocks. We then study macroeconomic performance using monetary policy interest rate rules that add a term for real exchange rate deviations from trend to the conventional in ‡ation and output gap terms.
The model builds on the monetary, stochastic general equilibrium model of comparative advantage of Naknoi (2004) . Heterogeneity in productivity and proportional trade costs determine which goods are exported, imported or not traded in equilibrium. In this environment trade is signi…cantly more responsive to shocks than in conventional models, which tend to underpredict the volatility of trade ‡ows relative to GDP. In the short run, this endogeneity of the trade pattern ampli…es the expenditure switching e¤ect of exchange rates, as …rms transit into and out of exporting. At the same time, the transitions cause aggregate productivity to ‡uctuate, in the same manner as in the real models of Ghironi and Melitz (2005) . These transitions generate additional output volatility that monetary policy must stabilize.
We also assume that it is costly to belong to the set of exporters. The cost is time-variant and generates smaller trade responses in the short run than in the long run. It is similar to the …xed cost of entering into exporting in Ghironi and Melitz (2005) . Exporters that transit in and out of exporting in the short run is not a far-fetched assumption. Trade economists have identi…ed year-to-year transitions into and out of exporting from micro data in the U.S., Colombia and Mexico. For example, the duration of trade relationships of the U.S. with its trading partners at the product level is found to vary from 3 to 5 years. 5 These studies indicate that the exporting decision is not a long-run issue. It is better viewed as a medium-run phenomenon with some degree of persistence.
The model makes three departures from Naknoi (2004) . First, we assume that importers take time and …nd it costly to build new relationships with foreign suppliers. This time to build markets assumption is similar to time to ship in Backus, Kehoe and Kydland (1994) . It generates a low short-run elasticity of substitution between domestic goods and imported goods, despite a high long-run elasticity. Because this friction reduces the short-run real trade response, it has important implications for monetary policy.
Second, we introduce vertical integration, with endogenous tradability only observed at the level of intermediate goods. 6 This was introduced partly for realism, as it allows the model to generate observed trade to GDP ratios without postulating unrealistically high import shares in production and consumption.
But in addition it doubles the e¤ects of the time-to-build-markets assumption, which we make at both the intermediate and …nal goods levels.
Third, to obtain a fully speci…ed business cycle model we introduce investment and capital accumulation.
We assume time to build in investment subject to quadratic investment adjustment costs. Together with the assumption of habit persistence in consumption this implies that domestic demand responds sluggishly, thereby generating plausible responses to standard shocks.
To the best of our knowledge, our model is the …rst two-country monetary business cycle model that embeds endogenous tradability in a setting with signi…cant nominal and real rigidities. Nominal rigidities in price and wage setting allow for a meaningful analysis of optimal monetary policy, which would not be possible in the ‡exible-price models of Betts and Kehoe (2001), Bergin and Glick (2003) and Ghironi and Melitz (2005) . We can therefore compare our results to those of the large literature on optimal monetary 5 See Bernard and Jensen (2004) , Roberts and Tybout (2001) , Aitken, Hanson and Harrison (1997) , and Besedes and Prusa (2006). 6 Obstfeld and Rogo¤ (2000) argue that the expenditure switching channel largely operates through relative prices in the intermediate goods sector. policy in open economies cited above.
We describe our model in the next section. Section III discusses calibration, Section IV presents our results, and Section V concludes.
II The Global Endogenous Tradability Model (GETM)
The Each economy consists of a representative household, a government, and multiple layers of …rms. Households consume, supply labor, and accumulate capital. The most upstream level of …rms is primary producers, who obtain capital and labor inputs from households, the latter subject to sticky nominal wages. Primary producers di¤er by their level of productivity relative to producers in the other country. They endogenously decide on three modes of activity, quitting production if they are not competitive with imports from abroad, producing only for the domestic market if they are competitive domestically but not abroad, and producing for both the domestic and the foreign market if their competitors abroad are not competitive. The next layer of production is intermediates …rms, which combine domestic and foreign varieties and then sell them either domestically or abroad. The …nal layer is …nal goods producers, who combine domestic and foreign inputs with an exogenously nontradable …xed input to produce …nal output for domestic consumers, investors, and the government. We assume that international trade at any stage is subject to an iceberg type trading cost , where a fraction 1 of goods is lost in shipping. The government is Ricardian and decides on an interest rate rule for monetary policy. The structure of the model economy in terms of goods and factor ‡ows is illustrated in Figure 1 .
A Households
Each individual household i maximizes lifetime utility which has three arguments, consumption C i t which exhibits external habit persistence that is parameterized by v, leisure ( L i t ), where L i t is labor e¤ort and is the time endowment, and real money balances m i t = M i t =P t , where P t is the price of …nal output. Denoting the intertemporal elasticity of substitution by , we have
where E t is the expectation conditional on information available at time t, and S c t is a preference or demand shock given by
Capital accumulation is subject to a time-to-build technology, with a T + 1-period lag between a new investment start I i t and the point at which that investment leads to an addition to the currently productive
The term S inv t represents a shock to the productivity of investment spending, speci…cally to the rate at which such spending is translated into additions to the capital stock. It is given by
Changes in investment starts are subject to an external quadratic adjustment cost (5)
This and all other adjustment costs are assumed to be redistributed back to households in lump-sum fashion.
Each investment start represents a commitment to a spending plan over T +1 periods, starting in the period of the investment start and ending one period before capital becomes productive. The shares of the investment project to be disbursed in each period are given by ! j ; j = 0; :::; T , with
In what follows we choose …nal output as our numeraire, and the lower case price and return variables p and r are in terms of this numeraire. The nominal exchange rate is S t , and the real exchange rate is
The gross rate of currency depreciation is denoted by " t , and t and t are the gross domestic and foreign in ‡ation rates.
Households in Home can hold money M i t and two other types of …nancial assets. Nominally noncontingent domestic currency government bonds, bought in period t and maturing in t + 1, and paying o¤ i t units of domestic currency in t + 1, are denoted byF i t , with a real stock off i t =F i t =P t . Nominally non-contingent foreign currency bonds are denoted by F i t , with a real stock of f i t = (S t F i t )=P t . They are assumed to pay o¤ i t t units of foreign currency in t + 1, where i t is the gross nominal interest rate in the rest of the world and t is a shock to uncovered interest parity given by
The international bond is assumed to be the only internationally traded asset. Households face a quadratic cost associated with holding the stock of this bond. This is required in the usual fashion to ensure stationarity of the economy's net foreign asset position. The cost is given by
where the …rst term represents a cost of deviating from a zero net foreign asset to GDP position, and the second a cost of deviating from a zero current account to GDP position, where
While this is mostly a computational device, there are also good empirical justi…cations, as for example emphasized by Kollmann (2004) .
In addition to …nancial assets, households own two types of real assets, domestically produced capital K i t and a factor V i t that is in …xed supply at the aggregate level. The latter is introduced to capture the role of exogenously nontraded goods in the economy, as the assumption that all goods are tradable under zero trading costs seems too extreme.
Households'real income consists of real wages w t L
Optimal investment and capital accumulation are given by
Next, we consider an individual household's wage setting decision. We assume that primary producers demand a labor composite that is a CES aggregate over all labor varieties supplied by households, with time-varying elasticity of substitution w t . The cost minimization problem of an individual varieties producer indexed by z is given by (17) M in
This produces a set of labor demand equations for each labor variety L i t (z) that, given identical relative wages facing each producer, is straightforward to aggregate so as to obtain total demand for each variety
Households maximize their utility from leisure subject to labor demand (18) , the budget constraint (10) and the wage in ‡ation adjustment cost (9) . We obtain the following equation for wage dynamics:
We allow for wage markup shocks. In particular, the exogenously time-varying wage markup is given by (20) 
B Primary Producers
Primary production follows the speci…cation of Naknoi (2004) , adding capital inputs and costs of switching between exporting and producing only for the domestic market. Speci…cally, there is a continuum of goods varieties indexed by z 2 [0; 1]. Firms endogenously decide whether to belong to one of three types of …rms depending on their productivity. The most productive ones, indexed by H, produce both for the domestic market and for exports because they are more competitive than foreign …rms in the foreign market even after incurring a proportional trading cost . Those with intermediate productivity, indexed by N , produce only for the domestic market because they are su¢ ciently competitive domestically against foreigners handicapped by the trading cost, but for the same reason they cannot compete with foreigners in the foreign market.
Finally, those with the lowest productivity choose to quit production because they cannot compete with foreign imports in the domestic market.
For each variety there is a large number of perfectly competitive …rms producing output y t from labor t (z) and capital k t (z) using the following technology:
:
The …rst two elements on the right hand side are …rm-speci…c productivity a(z) and aggregate or total factor productivity (TFP) x t . Firm-speci…c productivity determines the pattern of comparative advantage between countries. We normalize productivity in Foreign to one, a (z) = 1 8z, and for Home we assume a productivity schedule that is exponentially declining in z as follows:
The long run relative productivity of the most productive Home variety is therefore N x=x , while n is the rate at which relative productivity declines, a parameter that will generally have to be larger for smaller countries. Comparative advantage of course implies that Home does not need to have an absolute advantage in any good in order for it to produce some part of world output. This means that N x < x is feasible.
Comparative advantage together with trading costs make tradedness of intermediate goods endogenous.
For each producer, optimality requires that the price of its variety equals marginal cost, which in turn equals marginal factor cost divided by productivity. Marginal factor cost is given by
and the optimality condition becomes
A Home producer of variety z will produce so long as the price P t (z) he is able to charge given his marginal cost does not exceed the price (S t P t (z))=(1 ) that an importer from Foreign of the same variety is able to charge given his marginal cost and trading costs. Given the declining relative productivity pattern in Home there will therefore be a maximum level of z above which Home will rely entirely on imports from Foreign. We denote this time-varying level by z h t . Equally, a Foreign producer of variety z will produce so long as his price P t (z) does not exceed the price (P t (z))=(S t (1 ) ) that an importer from Home of the same variety is able to charge. There will therefore be a minimum level of z, denoted z l t , below which Foreign will rely entirely on imports from Home. We can combine these two conditions on prices with the marginal cost conditions for Home and Foreign producers (25) . But before doing so we need to discuss export adjustment costs.
We assume that entering the export trade involves additional costs such as extra marketing costs and costs of building a geographically larger distribution network. Conversely, exiting the export trade involves bene…ts that can be conceptualized as the scrap value of overseas sale operations as in the industrial organization literature. The functional form of these costs and bene…ts is of the iceberg-type, that is costs which melt a fraction of productivity a(z) or a (z) for new entrants, and which conversely freeze additional water that adds to the productivity iceberg for …rms that exit. The dependence of such costs on entry and exit is captured by making them a function of the change in the range of varieties produced for exports between last period and this period. In particular, for Home exporters the e¤ective relative productivity is given by
7 where
7 Note our assumption that these costs or bene…ts apply to all exporters ex-post, regardless of whether they switched status. This is done for analytical tractability but without loss of generality, as it only a¤ects the interpretation and calibration of the parameter a .
For Foreign exporters the e¤ective relative productivity is given by (x t =x t )(1= h t ), where
The e¤ect of these costs is to make exporters'relative productivity schedule steeper around the cuto¤ points z l t 1 and z h t 1 of last period. For the example of a favorable domestic productivity shock, this means that some formerly nontraded varieties continue to only be produced for the domestic market even though before taking account of export adjustment costs the producer could now produce more cheaply than foreigners.
But as soon as that nontraded goods producer decides to become an exporter he faces a lower level of productivity.
Combining the above discussion we obtain the following conditions for the range of Home and Foreign produced varieties:
with equality at z t = z h t , and
includes the trade cost and export adjustment cost hurdles. The second condition expresses the equivalent requirement for the Foreign producer. We de…ne t = z h t z l t . Having determined the ranges of goods produced by the exports and nontraded goods sectors, it is then trivial to determine these sectors' demand for inputs. Letting
y t (z)dz, and similarly for sector N , we can write, for j = H; N :
C Intermediates Producers
The producer of intermediates D t is a price-taker in both his input and his output markets, with his ( ‡exible) output price given by P 
8 These are goods in the varieties range z 2 [0; z l t ) that are both exported and used at home.
The sub-baskets of intermediate goods are given by
where the price sub-indices for each of these baskets can be shown to be
Using our results on the pricing of individual varieties, and dividing through by the numeraire price level, we can rewrite these price indices in terms of aggregate variables as
and similarly for Foreign. The sectorial productivity terms in the denominators of the …rst two expressions can be derived through analytical integration over the appropriate sub-intervals of goods varieties productivities. 9 We have 10
9 Note again that a critical implication of endogenous tradability is that the aggregate productivity level of a country is endogenous to the production choices of its …rms. 1 0 The Foreign aggregate productivity terms are simpler, with a t;F = h t and a t;N = 1.
Intermediates producers face a cost, in terms of both time and resources, of adjusting the imported goods component of production D t;F . First, it takes time to build up new supplier relationships that allow the volume of imports to increase. We model this by assuming that the stock of import orders D t;F that is …lled in any given quarter is predetermined, while it takes T periods for new orders O DF t to add to the existing order stock. Furthermore, we assume for simplicity that the existing order stock declines at the rate df = 1=(1 + T ), so that the entire stock of orders turns over completely within T + 1 periods.
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We therefore have
In addition to these time costs there is also a resource cost to changing the amount of orders, which represents the resources spent on foreign …eld o¢ ces and market reconnaissance. Let the import orders of intermediates
, and lagged aggregate orders O DF t 1 . Then we have the following real resource cost in terms of imported intermediates:
Let the marginal utility of an additional unit of domestic currency be given by t = t =P t . Then the pro…t maximization problem for a representative intermediates producer is
The solution to this problem for D t;H and D t;N is
The condition for D t;F is
with an optimality condition for new import orders of Note that the shadow price of the existing order stock q DF t is zero in steady state, but positive when there is a positive shock to the demand for imports that temporarily raises the marginal product of imports above the real import price. This speci…cation of intermediates imports ensures both a delayed and gradual response of import volumes to shocks. Overall real trade rigidities of course also include the export adjustment costs mentioned above. On the other hand, endogenous tradability will push towards an ultimately larger response of trade volumes to real exchange rate changes, because …rms can choose not only the quantity of exports they produce but also whether they wish to enter the export market in the …rst place.
D Final Output Producers
Final output producers are perfectly competitive price takers in their input markets and monopolistically competitive in their output market. Their production decisions are identical across producers, and we will therefore omit a …rm speci…c index. 12 The …rst step in …nal output production is to combine tradables produced by domestic intermediates producers Z t;H with tradables produced by foreign intermediates producers Z t;F to produce the tradables composite T t , with the following technology:
As for intermediates producers, changing the level of imports Z t;F is subject to a time to build markets technology. We let P T t be the marginal cost of the composite T t , P The import order stock evolves according to
Then the optimization problem is
The solutions to this problem for Z t;H and Z t;F are given by
The exception is in adjustment cost terms, where we need to distinguish between lagged external aggregate terms and current …rm-speci…c terms.
with an optimality condition for new import orders of
and a price of imports of (52) p
Final output t is a composite of the stock of the nontradable …xed factor V t and of tradables T t , with the CES production function given by
We denote the nominal/real marginal cost of t by P 
Final output producers'price setting is subject to sticky in ‡ation as in the wage setting decision outlined above. Speci…cally, we assume that all users of …nal output demand a CES composite of varieties supplied by …nal goods producers, with time-varying elasticity of substitution p t . The cost minimization problem of an individual user of …nal output indexed by z is given by
This produces a set of goods demand equations for each variety i t (z) that, given identical relative prices facing each user of …nal output, is straightforward to aggregate so as to obtain total demand for each variety i t :
Final output producers maximize the present discounted value of their cash ‡ow subject to their goods demand (57) the in ‡ation adjustment cost
and a …xed cost in terms of …nal output ! O that is given by
When = 0, this …xed cost exactly o¤sets the steady state markup pro…ts = p . For 2 (0; 1) the parameter denotes the share of markup pro…ts that are retained as pro…ts by the …rm after …xed costs have been paid.
We introduce this …xed cost term, which is familiar from Altig, Christiano, Eichenbaum and Linde (2005) who set = 0, to be able to better calibrate investment and capital income shares in GDP, as explained in the calibration section. The pro…t maximization problem is therefore
After recognizing that all …rms behave identically and therefore dropping the …rm-speci…c indices i, the …rst order condition with respect to P i t is given by
We allow for price markup shocks. In particular, the exogenously time-varying price markup is given by
which is subject to i.i.d. shocks
E Government
Fiscal policy in both countries is Ricardian in that …scal lump-sum taxes are endogenously adjusted to …nance government spending, after taking seigniorage into account. To correctly calibrate steady state shares of consumption and investment in GDP, we assume a …xed amount of government spending G in each period. We also assume that the initial stock of nominal government debt is zero. Net taxes are determined by (64)
which maintains the stock of government debt at zero at all times. The benchmark policy rule that we consider for the Home economy is an extended version of the Taylor (1993) rule that allows for interest rate smoothing and that adds an additional real exchange rate feedback term:
The in ‡ation target is given by so that = is the long-run nominal interest rate. The central bank is assumed to respond to deviations of the the year-on-year in ‡ation rate 4;t = ( t t 1 t 2 t 3 ) 1 4 from its target , and to the output gap and the real exchange rate gap. The output gap is a de…ned as the deviation of GDP from a 2-sided centered moving average of GDP with weights taken from the Hodrick-Prescott (HP)
…lter. While this measure of the output gap is imperfect, it helps to avoid some of the pitfalls with using alternative measures such as the ‡ex-price output gap, or purely backward-looking measures that are based on one-sided versions of the HP …lter that exclude the model's predicted levels of future GDP-see Appendix I for more details about the HP …lter and the weights that we use. In e¤ect, because we are using the model's predictions to help measure the underlying trend level of output it will produce measures of the business cycle that can account partly for supply shocks that shift the level of potential output. The measures will also be much less erratic and jumpy than ‡ex-price measures of the output gaps that are in ‡uenced by data measurement problems. 13 In addition, in empirical versions of these models that produce competitive 
F Equilibrium and the Current Account
In equilibrium households maximize lifetime utility, …rms at all levels of production maximize the present discounted value of their cash ‡ows, and the government follows its policies as outlined in the previous section.
In addition, the following market clearing conditions hold (with an equivalent set of conditions for Foreign):
Together with household and government budget constraints these clearing conditions imply the following current account equation:
Finally, international bond market clearing is given by
1 3 Wage and price indicies contain signi…cant noise components that induce measurement errors into ‡ex-price measures of the output gap, which is one reason why they have not had much of an impact in policymaking deliberations. Another reason is that they typically are constructed by assuming that all of the economy's state variables-such as the capital stock-have always been determined by a ‡ex-price economy. 1 4 Notice that the presence of relative prices in the market clearing conditions for varieties composites in sectors H and N is due to the fact that the output composites Y are de…ned as additive in quantities while the input quantities D are de…ned as CES aggregates.
III Calibration
We calibrate the model with the euro area in mind, and therefore set the size of Home to be 25 percent of the world economy ( = 0:25). Unless otherwise mentioned, parameters are assumed to be the same across the two countries. Consumers discount the future at the rate of 1 percent per quarter (4 percent per year) ( = 0:99). The intertemporal elasticity of substitution ( ) and the degree of habit persistence ( ) are 0.5 and 0.85, respectively. These coe¢ cients, together with adjustment costs on consumption and investment, generate the lagged and hump-shaped responses to interest hikes typically found in empirical models. 15 The
Frisch elasticity of labor supply, which is implied by and the steady state proportion of time worked, 16 is set equal to 0.5, which is standard for the macroeconomic literature, but at the high end of microeconomic estimates.
Average markups for both the euro area and the rest of the world are taken from Bayoumi, Laxton and 17 We assume that investment expenditure is spread equally over the (T + 1)-period life of the investment project. In addition, we set the adjustment cost parameters that govern investment dynamics to be consistent with the hump-shaped pattern seen in response to interest rate cuts that peak at around 4-6 quarters. The depreciation rate of private capital is 2.5 percent per quarter ( = 0:025).
To re ‡ect the di¢ culties of building and maintaining international supplier relationships compared to domestic supplier relationships, we assume a time-to-build markets lag of 2 quarters in both intermediate and …nal goods. This implies that the two depreciation rates df and zf of existing import orders equal 1=3.
We choose adjustment cost parameters to generate plausible dynamics of imports following shocks. Similarly, setting a = 0:2 generates plausible transitions between exporting and non-exporting …rms following shocks.
The model therefore generates small changes in trade volumes in response to temporary real exchange rate ‡uctuations, but large changes in response to permanent shocks, as has been observed in practice-see Erceg,
Guerrieri, and Gust (2003) and Laxton and Pesenti (2003) . Finally, we set the parameters that determine Henry and Mestre (2001). 1 6 As usual for this type of utility function one can calibrate either the Frisch elasticity or the proportion of time worked in steady state. We choose the former as it more signi…cant for macroeconomic dynamics. the endogenous risk premium on bonds to ensure that changes in the risk premium are su¢ cient to prevent implausibly large current account de…cits.
The model is calibrated so that standard components of GDP have sizes compatible with their average shares in GDP in the data. The only di¢ culty here is the share of exogenously nontraded goods in GDP, which we assume to be 25 percent. Relative GDP in both countries is …xed by adjusting the Home aggregate productivity parameter x in accordance with relative GDP in the data, leaving x = 1. Government spending and private investment are each assumed to represent 18 percent of steady state GDP in each country, where the private investment ratio is …xed by choosing the production function parameter . Note that our previous choices of and would typically make it impossible to independently …x the steady state capital share.
There is however a solution to this in models with monopolistic competition, because the capital share does not only depend on the return to capital but also on the monopoly pro…ts of …rms minus their …xed costs. We therefore …x the steady state capital share in GDP at 36 percent in both Home and Foreign, by appropriately setting the …xed cost parameter . Exports and imports are assumed to be balanced in steady state, with an overall 20 percent exports and imports to GDP ratio in Home (and of course correspondingly smaller ratios in the larger Foreign), half of which is accounted for by intermediate goods and half by …nal goods.
To calibrate trade in this way the parameters at our disposal are di¤erent from conventional models, at least at the level of intermediate goods. The parameter here is not an exogenous share parameter (like T at the level of …nal output) but the slope n of the relative productivity schedule. 18 We …rst choose trading costs to equal = 0:15, and then obtain n = 0:4 as consistent with 20 percent exports and imports to GDP ratios.
This relatively ‡at slope re ‡ects the fact that we assumed Home to represent a fairly large share of the world economy. Finally, we set the parameters that determine the endogenous risk premium on bonds to ensure that changes in the risk premium are su¢ cient to prevent implausibly large current account de…cits.
For monetary policy, we assume that the in ‡ation targets in both Home and Foreign equal 2 percent per annum. The coe¢ cients of the monetary policy rule are of course the subject of our analysis.
We work with a fairly stylized representation of the shock processes, which are assumed to be identical in both economies. The wage and price markup shocks are assumed to be equal in magnitude and their magnitudes have been calibrated so that they determine most of the variation in the in ‡ation process at the business cycle frequency. Following recent empirical work we assume that there is no serial correlation in there exists signi…cant positive serial correlation in the consumption shocks. We also consider shocks to the UIP equation, which have been found to be very important for explaining exchange rate variability and for these shocks we assume that they are highly serially correlated (0.75). In the section on sensitivity analysis we consider di¤erent assumptions about the shock processes to examine how the results change under alternative assumptions. We do not consider other sources of shocks such as permanent productivity shocks or shocks that a¤ect specialization and openness, but leave the analysis of these additional shocks until the model has been fully estimated. response to temporary and permanent shocks. GETM's responses to permanent shocks will typically be larger as it takes longer to increase the capital stock and …rms have the incentive to incur the adjustment costs. Interestingly, the responses of imports and exports are signi…cantly stronger in GETM than in GEM and are more in line with the stronger responses of AWM. 19 Again, this re ‡ects the key assumption in GETM that the supply of exports is more responsive to relative prices as …rms are allowed to choose to produce goods for either the export or domestic market.
IV Results
The main goal of this section is to assess under what conditions standard monetary policy reaction functions such as the Taylor rule need to be modi…ed to include information about the exchange rate. However, before proceeding to this analysis we …rst start by showing how GETM is di¤erent from other standard DSGE models and why endogenous tradability matters.
A How is GETM Di¤erent from Other Models?
Conventional monetary business cycle models cannot account for strong trends in trade volumes, nor can they explain how the monetary transmission mechanism changes over time as economies exploit greater specialization. The objective of GETM has been to develop a model that integrates trade theory into a monetary business cycle model. The basic assumption of the model is that trading costs restrict trade and result in lower levels of specialization and productivity. 
B Optimal Simple Policy Rules
We now optimize the feedback and smoothing coe¢ cients in the monetary policy rule (65). To do so we consider a general loss function where policymakers are assumed to care about variability in in ‡ation, output, and exports:
The …rst two terms that place weights on in ‡ation and output variability are standard. We argue there may be good reasons why policymakers might also care about variability in exports if there are signi…cant frictions in shifting resources into the export sector. However, we do not make this element of the loss function critical for our results, rather we simply report results for alternative sets of weights and discuss the implications.
In future extensions of the paper we plan to explore higher-order approximations of the model and possibly welfare analysis so that we can analyze the level e¤ects on welfare and other variables that may arise from excessive variability in exports. But, it should be recognized that loss functions are a more ‡exible approach that is not dependent on the speci…c form chosen for the utility function. In addition, it allows for a simple characterization of preferences for policymakers, whose objectives may not wholly coincide with those of private agents, a phenomenon that is important in accounting for real-world policymaking.
For expositional purposes we de…ne in ‡ation nutters as policymakers that place a weight of 1 on in ‡ation and zero weights on output and export variability. We de…ne output gappers as policymakers that place equal weights on in ‡ation and output gap variability; and output-export gappers as policymakers that place equal weights on variability in in ‡ation, output gaps and export gaps. To rule out implausibly large magnitudes for interest rate variability we also assume that the objective function is minimized subject to a constraint that the standard deviation of the …rst di¤erence of interest rates is less than or equal to 50 basis points. 20 
B.1 Base-Case Results
The top row of Table 2 reports the base-case results for in ‡ation nutters when the exchange rate is in the reaction function and the second row reports the results for in ‡ation nutters when it is excluded from the reaction function. The 3rd row reports the di¤erence between the …rst 2 rows so that it is easier to see the additional variability imposed on the economy by ignoring variation in the exchange rate. The next 6 rows in the Table repeat the analysis for output gappers and output-export gappers. In each line we report the value of the loss function, the optimal parameters in the reaction function as well as the standard deviations for year-on-year in ‡ation, output, exports and the real exchange rate, all measured as deviations from trend.
The results for in ‡ation nutters produce a large weight on in ‡ation in the reaction function and signi…cant positive weights on the output gap and the exchange rate. This suggests that the output gap and exchange rate gaps have signi…cant information content that is useful for helping to reduce variability in in ‡ation.
However, when we focus on the role of the latter by comparing the di¤erences between the …rst 2 rows
we can see that excluding the exchange rate results in a very small increase in the in ‡ation variability of two basis points. Note, however, that there are signi…cant increases in the variability of output and especially exports by ignoring exchange rate developments, so that while the losses of in ‡ation nutters are little a¤ected by ignoring output and exchange rate gaps, in ‡ation nutters would impose signi…cant losses on output gappers and output-export gappers. Indeed, the parameter estimates on in ‡ation are much larger than what is typically observed in reaction functions, suggesting that policymakers are not in ‡ation nutters, but instead place signi…cant weight on real variables when they deliberate about interest rate decisions. Indeed, when we move to the cases of output gappers and output-export gappers we observe a signi…cant decline in the weight on the in ‡ation term and an increase in the weight on the output gap in the case of output gappers and an increase in the weight on the real exchange rate gap for the case of output-export gappers. For the case of the output-export gappers there is a signi…cant reduction in variability in both output and exports at the cost of higher variability in in ‡ation while for the output gappers excluding the exchange rate increases variabililty in both output and in ‡ation. At this point the obvious question to ask is how these results are di¤erent from conventional monetary business cycle models that abstract from endogenous tradability. The next subsection answers that question.
B.2 The Role of Endogenous Tradability
It is straightforward in GETM to exclude endogenous tradability from the model by simply deleting the equations that determine the evolution of z Table 3 repeats the analysis above when we exclude endogenous tradability. Strikingly, the parameters on the exchange rate gap decline to practically zero and there is very little di¤erence in all cases between the loss functions where the exchange rate gap enters the reaction function and those cases where it does not. This con…rms earlier results obtained from other DSGE models that assume producer currency pricing, where the exchange rate has not been found to play a signi…cant contribution in conventional mon-2 0 This is only slightly higher than the standard deviation of the …rst di¤erence of short-term interest rates in the euro area. Tables 2 and 3 shows that shutting down this mechanism results in signi…cantly less variability in in ‡ation, output and exports.
etary reaction functions. A comparison of
To illustrate the di¤erences in the two models we report the impulse response functions (IRFs) for an expansionary consumption shock in the Home economy. Figure 8 reports the results for the output-export gapper under the assumption of exogenous tradability and Figure 9 reports the results under endogenous tradability. In both cases we compare the IRFs with and without the exchange rate gap in the reaction function. With exogenous tradability the IRFs are virtually identical for interest rates, GDP, the real exchange rate, consumption, investment and trade volumes and, in fact, the only discernible di¤erence is in the plot for year-on-year in ‡ation. However, with endogenous tradability there are signi…cant di¤erences in the IRFs. The results without the exchange rate gap produce a much stronger tightening in real monetary conditions (higher interest rates and a more appreciated real exchange rate) which works to constrain the expansionary e¤ects on GDP, consumption and investment. Note, however, that it also results in a larger contractionary e¤ect on exports and produces a signi…cant undershoot of in ‡ation from the target. Table 4 reports the results when trading costs are reduced from 0.15 in the base case to 0.10. As shown in 
B.3 Implications of Lower Trading Costs

B.4 Decomposition of Base-Case Results for Individual Types of Shocks
The advantage of simple monetary policy rules as guidelines for monetary policy is that they depend on a short list of variables. As such they are easier to understand and communicate than fully optimal rules, which will depend on the full list of model's shocks that is being considered. The optimized weights in simple monetary policy rules will represent average responses to shocks that will generally not be optimal for supply and demand shocks. To better understand the base-case results reported in Table 2 we recompute the optimal parameters in the simple policy rule under di¤erent assumptions about the shocks focusing on di¤erent types of shocks. Indeed, for this purpose we separate the shocks used in the base case into 3 types of shocks. The …rst type are demand shocks, which result in a positive short run covariance between output and in ‡ation. The second type of shocks are wage and price markups, which result in a negative short run covariance between output and in ‡ation. Lastly, to understand the role of UIP shocks we consider these shocks separately. Table 5 reports the results when we exclude all shocks except the 2 demand shocks in each region. For the case of in ‡ation nutters and output gappers we observe very large parameters on both in ‡ation and the output gap. And in both cases such policy rules are capable of reducing in ‡ation variability to very low levels (below 0.2). These results should not be surprising given that monetary policy is best equipped to deal with such shocks as there is very little con ‡ict between stabilizing in ‡ation and stabilizing output. However, the fact that we do not observe such enormous feedback responses in the real world might indicate that it is not straightforward for policymakers to identify pure demand shocks. Interestingly, in both these cases the real exchange rate still plays a signi…cant role in reducing in ‡ation variability, except for output-export gappers, where the primary e¤ect is in reducing export variability.
Only Demand Shocks
Only Supply Shocks Table 6 reports the results for the cases where we eliminate all the shocks expect the wage and price markup shocks. As supply shocks are the dominant source of shocks for explaining variability in in ‡ation it should not be surprising that in ‡ation variability is much higher than was the case for demand shocks. Here we observe a much less signi…cant role for the exchange rate than for demand shocks.
Only UIP Shocks Table 7 completes the analysis and reports the results for the cases where we eliminate all shocks expect UIP shocks. In this case we should again expect to see a large role for the exchange rate, which is con…rmed by larger coe¢ cients on the exchange rate gap in the rule.
B.5 What About a Forward-Looking Taylor Rule?
In constructing internal forecasts several central banks rely upon forward-looking Taylor rules, which include a 1-year-ahead forecast of in ‡ation rather than a contemporaneous measure of in ‡ation. One potential interpretation of the earlier results is that the output gap and exchange rate gap include signi…cant information content for helping to forecast future in ‡ation developments and that this is the main explanation for why these variables have been found to be useful in minimizing the objective function. To address this issue we repeat the analysis above, but replace the in ‡ation term in the reaction function with the model's 1-year-ahead forecast of in ‡ation. The results are reported in Table 8 . In most cases the value of the loss function is smaller and for the cases of in ‡ation nutters and output gappers there is a smaller weight on the exchange rate gap. Also, relative to the base case the di¤erences in the loss function for the reaction functions that include and exclude the exchange rate gap term diminishes, suggesting that the exchange rate has information that helps to project future movements in in ‡ation that is useful for helping to minimize the loss function. However, for the case of the output-export gappers excluding information about the exchange rate still has signi…cant deleterious e¤ects on the value of the loss function as it can result in excessive variability in exports.
B.6 Sensitivity Analysis
Tables 9 and 10 explore the sensitivity of our results to changes in the baseline calibration that change the steady-state size of exports. Table 9 raises the steady-state exports-to-GDP ratio in the …nal goods sector from 10% to 50% by changing the share parameter T . This implies that any shock can be accommodated with a smaller relative change in exports, therefore the volatility of exports falls relative to the baseline. But because exports are more volatile than other components of GDP, the overall volatility of output increases.
We …nd that this change in speci…cation reduces the optimal coe¢ cient on the real exchange rate gap, especially for the output-export gapper. The reason is that export volatility accounts for a smaller share of losses, therefore stabilizing exports by responding to the real exchange rate becomes less important. But of course this needs to be heavily quali…ed, in that the loss function weight on export volatility would presumably change as exports become a more important sector of the economy. Table 10 is more interesting.
Here we raise the steady-state exports-to-GDP ratio in the intermediate goods sector from 10% to 30%, but in the intermediates sector this is not accomplished through changing a share parameter. Instead, for a given trading cost , we need to change the pattern of comparative advantage. To allow more goods to be traded, this pattern needs to be more pronounced, in other words the comparative advantage schedule has to become steeper. Speci…cally, in our calibration we go from n = 0:4 to n = 0:8. Relative to the change in the exports-to-GDP ratio, which is only half that of the previous example, we observe much larger reductions in export volatility and in the optimal coe¢ cient on the real exchange rate, and not only for the output-export gapper. In fact, in the limit this type of change would lead to exogenous tradability, as with a near vertical comparative advantage schedule the range of traded goods would no longer be sensitive to shocks and to the real exchange rate.
We have also performed the sensitivity of our results to removing di¤erent combinations of endogenous tradability, export adjustment costs and import adjustment costs. The picture that emerges is that these e¤ects are cumulative, in that the more of them are combined, the larger is the optimal monetary response to the real exchange rate gap.
Additional sensitivity analysis is in progress. Speci…cally, in ongoing work we trace out entire e¢ ciency frontiers for a continuum of the in ‡ation, output and export weights in the loss function, and we explore more extreme limiting assumptions.
V Conclusions
This paper develops a DSGE model that integrates the theory of comparative advantage or endogenous tradability into a monetary model with nominal and real rigidities. We found that without endogenous tradability there is no role for the exchange rate in optimized monetary policy rules. But with endogenous tradability the exchange rate can play a much more fundamental role in facilitating or slowing down adjustments in the real economy, and it enters the optimized policy rule. The role of the real exchange rate in the policy rule is even more signi…cant when trade is subject to export and import adjustment costs.
We performed sensitivity analysis to see what are the key assumptions that give the exchange rate an important role in the monetary policy rule. Looking forward, we plan to extend this analysis by taking higher-order approximations of the model so that we can study the level e¤ects on welfare and economic activity that may arise from excessive variability in trade ‡ows. Real GDP: GEM Home -2 
Appendix: HP Filter Weights
The Hodrick-Prescott (HP) …lter has been used extensively to obtain measures of output gaps in spite of the problems associated with using such a procedure in real time when the …lter at the end of the sample becomes a one-sided backward-looking …lter-see Laxton and Tetlow (1992) . In an empirically estimated DSGE model of the U.S. economy Juillard, Kamenik, Kumhof and Laxton (2007) show that the severity of this end-of-sample problem can be mitigated signi…cantly by using the model's multi-period forecasts of GDP. In their paper this is implemented by writing down the Kalman-…lter representation of the HP …lter, but an equivalent procedure can be obtained by simply constructing the 2-sided weights and then coding this equation directly.
The HP …lter estimates obtained from series y i of length T are obtained by minimizing the following function, where represents a parameter that penalizes changes in the second di¤erence of the computed trend series i :
Choosing i to minimize Z requires @Z=@ i = 0 for all i from 1 to T and then stacking the equations. Let and y represent vectors of length T , and let A represent a matrix with elements that are only a function of the HP curvature restriction :
(77) A = y :
Once the A matrix has been obtained the estimates of the trend series can be computed by simply …nding the inverse of A. The elements of this matrix will also simply be a function of the curvature restriction :
(78) = A 1 y :
We will refer to A 1 as the weighting matrix. Assuming that T = 49 observations and = 1600 the dotted line in Figure 10 plots the …rst row of the weighting matrix that would determine the value of i in the …rst period. Obviously, the estimates in this period can only depend on the current and future values of the series y, since by assumption it represents the 1st observation. The HP …lter treats the end of the sample in a similar way except in this case the weighting scheme only depends on current and past values of the series-see the dashed line in Figure 10 . Note that in this case the weight is quite high on the current and recent observations, which is why end-of-samples estimates from the HP …lter tend to get pulled around a lot by movements in the actual series. The solid line in Figure 10 
